Ginkgo trees (Ginkgo biloba) are now a familiar sight in botanic gardens around the world and also in the streets and private gardens in many cities. In the Western world, they are seen as exotic and associated with origins in China, but their backstory is much more interesting and complex than that.
The fossil record shows that in the Jurassic (200-145 million years ago) there were several ginkgo and similar species, producing large solitary seeds in a characteristic way that is distinct both from the later invention of the fl owering plants (angiosperms) that now dominate our parks and gardens and from conifers. Ginkgos were still thriving in temperate climates around the globe during the Cretaceous, providing shade to the dinosaurs in a world that was much warmer than ours.
Ginkgos survived the mass extinction at the end of the Cretaceous, but the cooler climate heralded by the appearance of the Antarctic ice shield some 35 million years ago challenged their way of life. As the glaciations brought by recurring ice ages kept pushing back vegetation, they had to reclaim the higher latitudes each time, but after the last one they failed to do so and disappeared from most of their former habitats, with the exception of a part of China. Some believe that an animal species helping to disperse ginkgo seeds had become extinct, such that the species could only hold the area it occupied already, but could no longer move with shifting climate zones.
This might have been the death knell for ginkgo, but the ancient Chinese culture cherished the tree and humans spread it within China and then around the world again. Amid the thousands of species that Homo sapiens has driven into extinction, here is one that we probably saved from this fate, long before we had a concept of extinction or conservation.
Feature

The rise and fall of global forests
Big data analyses applied to the diversity found in today's forests reveal the story of how plants spread across the continents and diversifi ed to adapt to different environments and climate zones. Forest diversity is also an important basis of resilience in the face of fragmentation and climate change. Michael Gross reports.
It also goes to show that trees, although immobile as individuals, may have to move to different territories as populations in order to survive in the long term. As man-made climate change is shifting climate zones more rapidly than most natural events have in the past, the mobility of tree species becomes an important part of their resilience to change, and it is therefore vital to understand how and why tree species came to the places where they are thriving now, and how they can adapt when their survival is threatened.
Appreciating diversity
The tropical forests contain the most abundant plant diversity (Curr. Biol. (2016) 26, R1067-R1070). As they continue to decline due to deforestation for agricultural use and fragmentation by infrastructure measures such as roads (Curr. Biol. (2016) 26, R307-R310), researchers are now rushing to understand this diversity and its evolutionary origins while they can.
In a major new assessment of phylogenetic relations between the species in the global tropical forests, Ferry Slik from the University of Brunei at Darussalam and Janet Franklin from the University of California at Riverside, USA, with more than 100 colleagues from around the world, have assembled a standardised dataset of angiosperm trees in old-growth tropical forests at 406 separate locations representing all major regions of tropical forests and the whole range of environmental conditions (Proc. Natl. Acad. Sci. USA (2018 USA ( ) 115, 1837 USA ( -1842 .
Analyses linking the results to a phylogenetic tree resolved to genus level showed that all tropical forests have a similar mix of ancient tree lineages going back to the Late Cretaceous (100 to 66 million years ago). At that time, the supercontinent Gondwana had already broken up into today's continents of Africa and South America, but plant dispersal appears to have continued across the nascent Atlantic Ocean.
"An African tropical forest is evolutionally more similar to tropical forests in the New World than to forests in the Indo-Pacifi c," Franklin explained in a press statement. "While this was somewhat unexpected, it likely refl ects Only with the kind of analyses that emphasises recent divergence could the authors establish different patterns for today's biogeographic regions. Based on this analysis, they propose a fl oristic division of the tropics that differs from traditional divisions, distinguishing the combined American and African forests from the IndoPacifi c ones. Dry forests in America, Africa, Madagascar, and India are grouped together, as are subtropical forests around the globe.
Understanding the large-scale structures may help with forest conservation, the researchers hope. "Different forests may be more vulnerable or resilient to climate change and deforestation, so if we understand the similarities and differences between forests it will help inform conservation efforts," Franklin said.
In a more close-up perspective, Michael Pirie and colleagues from the University of Mainz, Germany looked at the diversity and distribution of the genera Cremastosperma and Mosannona from the Annonaceae or custard apple family in South America, which typically form shrubs or small understory trees (R. Soc. Open Sci. (2018) 5, 171561). Based on genetic data, they determined a phylogenetic tree of 35 species from these genera and related this to the current distribution and the history of geological events.
"We have actually discovered that the diversifi cation of these two plant genera took place in parallel with major geological events, namely the formation of the Andes, the drying-out of the Pebas [wetlands] system, and the development of a land bridge to Central America," Pirie explained.
While the movements of the genera over geological timescales inferred from these analyses brought no major surprises, they did show that the two genera, now occupying overlapping habitats, arrived in their current territories via different routes. In the course of these studies, Pirie and colleagues also discovered fi ve new species.
Roots of success
Spreading across the (moving) continents and climate zones in geological time, plants diversifi ed and evolved different forms and functional traits to adapt to new environments. Big data approaches now enable ecologists to look for patterns in the ways in which thousands of species evolved over millions of years.
Two years ago, Sandra Díaz from Universidad Nacional de Córdoba, Argentina, and colleagues analysed six functionally important parameters of plants, including height, leaf surface, leaf mass per surface area, nitrogen content, stem mass per volume, and mass of the seeds, for 45,000 species (Nature (2016) 529, 167-171).
They found that these parameters do not combine randomly but cluster along two main axes. Thus, the seed size tends to correlate with the overall height of the plant. In terms of leaf function, there is a continuum ranging from small, light leaves with high nitrogen content to large, heavier leaves with low nitrogen content, representing different metabolic strategies.
Zequing Ma from the Chinese Academy of Sciences and colleagues have now conducted a similar analysis for parameters of the plant roots, arguing that these are at least as important for plant survival as the above-ground parts, but have so far been neglected in such studies (Nature (2018) doi:10.1038/nature25783). Similarly, overlooking the invisible parts of plants has also slowed down our understanding of plant communication (Curr. Biol. (2016) 26, R181-R184).
Ma and colleagues analysed thickness and nitrogen content of the primary roots, i.e. those most distant from the stem and directly in contact with the environment, in 369 plant species from seven biomes. They found that relatively thick roots were the ancestral state of affairs when plants started to spread from the tropics, where the growth conditions were constant throughout the year, and quite often involved a nutrient-rich, warm and humid environment.
Expanding to higher latitudes with pronounced seasonal changes and less predictable nutrient supplies, the plants evolved thinner roots that can -with a given investment of carbonreach out further and more quickly in the search for nutrients. One important parameter that varied with the root thickness is the extent of symbiosis with mycorrhizal fungi. As the roots become thinner and more agile, they are less dependent on fungal symbionts. to human health. Ecosystem services of intact forests that serve both wildlife and humans include carbon storage and sequestration, weather regulation and hydrological services, buffering against natural hazards including fi res and fl oods, as well as conserving diversity of forest-dependent life from the ecosystem level through to the intra-species genetic diversity.
In addition, there are benefi ts specifi c to humans including the shelter of surviving indigenous populations (Curr. Biol. (2015) 25, R635-R638), which, in turn, are often effi cient stewards and defenders of their natural environment, and the avoidance of the transfer of zoonotic diseases. In the case of Ebola, in particular, which has its natural reservoir in bats, recent research has shown that outbreaks in the human population can be linked to deforestation disturbing the natural virus carriers (Curr. Biol. (2018) 28, R51-R54).
Deforestation in terms of loss of forest-covered surface area is covered in the Paris accord and many other international treaties, as well as in the REDD+ scheme, which offers fi nancial rewards for developing countries that minimise their forest loss. Watson and colleagues argue, however, that the quality of the surviving forests is at However, the correlation with nitrogen content observed for leaves in the earlier study does not appear to extend to roots. The researchers conclude that "at the timescale of plant evolution, innovations of below-ground traits have been important for preparing plants to colonise new habitats and for the rich generation of biodiversity within and across biomes." "This work has major implications for conservation and our stewardship of the plant world," co-author Lars Hedin from Princeton University, USA, said in a press statement. "It provides some of the hidden, below-ground rules by which plants survive and spread. It's a global view of plant evolution at a time when global rules are essential for building climate models and understanding the biosphere."
Fragmented future
Having successfully spread across most of the land surface of the Earth during the last 200 million years, and diversifi ed according to the ecological requirements and opportunities, forests now face two unprecedented challenges, which are interlinked and both caused by humans -namely, deforestation and climate change.
Deforestation is often described in terms of surface area lost to land-use change. The global fi gure of forest loss in the last 300 years has been estimated as 35%, and signifi cant losses continue to be a concern in countries like Brazil, Indonesia and Russia (Curr. Biol. (2014) 24, R1-R4).
Surviving forests may still be severely affected in their ability to fulfi l their ecological role and provide ecosystem services, if they are fragmented by roads or disturbed by economic activity. Experimental studies have shown that border effects can severely degrade a forest's function (Curr. Biol. (2017) 27, R681-R684), suggesting that continuing fragmentation can be as damaging as the actual surface loss.
In a global, in-depth analysis of forest fragmentation, Franziska Taubert from the Helmholtz Centre for Environmental Research at Leipzig, Germany, and colleagues used satellite data to identify 130 million forest fragments on three continents (Nature (2018) 554, 519-522). They found that the power laws governing their size distribution and geometrical properties including fractal dimensions were surprisingly similar on different continents, despite very different landuse context.
Applying percolation theory -a tool from statistical physics used in materials science -to the mathematical distribution of the fragments, the authors fi nd that the systems are close to a critical point, beyond which a further loss of forest is likely to cause dramatic increase in the number of fragments, along with a further reduction of their sizes. At the upper end of their predictions, the number of fragments could increase by a factor of 33 within the next 50 years, which would dramatically increase the extent of degradation and function loss near the edges.
Complementing the vision of global forests shattered into a rapidly increasing number of small fragments is a perspective article by James Watson from the University of Queensland in Brisbane, Australia, and others appraising the unique and special benefi ts provided only by intact forests (Nat. Ecol. Evol. (2018) https://doi.org/10.1038/s41559-018-0490-x).
The authors list a wide range of benefi ts provided more effi ciently by intact forests than by fragmented ones in areas ranging from climate change least as important as their quantity, and that intact forests, far from disturbance and border effects, should also be highlighted in treaties and policy decisions.
The quality of the forested area also includes the diversity of tree species. Some reforestation projects, including China's large-scale 'Green Wall' against the expansion of the northern deserts, have been criticised for creating monocultures that will be sensitive to disease and environmental change, and ineffi cient at providing ecosystem services (Curr. Biol. (2018) 28, R135-R138) .
After the dramatic losses of the last three centuries, roughly one quarter of the Earth's land surface is still covered by forests, but Watson and colleagues cite estimates suggesting that 82% of these are degraded in some way. The intact, diverse forests still need better protection than we grant them today. Otherwise some of their majestic tree species could end up as lonely survivors bereft of their ecological context, and planted by humans for decorative purposes, just like the ginkgo.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk
Sole survivor:
The ginkgo tree is a survivor of a group that saw the dinosaurs come and go, but lost its ecological context during the Ice Ages. The species is likely to owe its survival to human intervention. (Photo: Michael Gross.) What turned you on to plant biology in the fi rst place? Growing up, I was never very sure of what I would do with my life, but it was clear I wanted to go to University (something new for my family). In the end, I submitted applications to two universities to study English Literature, two to study Biology, and one to study Oceanography, and I put off making a decision until the last possible minute. I often wonder how things would have turned out if I'd taken one of the other courses, but I settled on Biology at St. Andrews because I was attracted by their great reputation for marine biology and my dad's enthusiasm for the work of Jacques Cousteau! It soon became clear that marine biology was not really about sea turtles in tropical oceans, but more about worms of various sorts in very cold rockpools. At the same time, I discovered plants. Bob Crawford -then Professor of Plant Biology at St. Andrews -used to say that every little plant was unhappy in its own special way, and I enjoyed thinking about how evolution had adapted the development and morphology of each plant to deal with the challenges that come from being rooted to the spot.
Beverley Glover
And what drew you to your specifi c fi eld of research? I went to the John Innes Centre for my PhD because the institute was at the forefront of plant molecular biology and offered me the opportunity to learn how to analyse the developmental processes I was Q & A interested in. My supervisor was Cathie Martin, and she was a fantastic mentor who encouraged me to explore my project widely. I started off focused on how a particular transcription factor regulated petal epidermal cell identity in Antirrhinum, but ended up with a thesis in which I also explored how the same protein worked in four other plant species, and I analysed how pollinating bees responded to a mutant with aberrant petal epidermal cell identity. This work really set the scene for everything I've done since; I'm always just as fascinated about how a developmental pathway evolved as I am about how it works, and I always want to understand how it affects the organism's interactions with the world around it.
What are the biggest challenges of a career in academia? It would be easy to say funding, but actually the real challenges are much more interesting than that! One challenge is focus. My research interests are really broad, so it's very easy to get seduced by a new species, or a new fl ower feature, or a new gene family, and then discover that I've taken on more than my lab can really handle. During my time at the John Innes Centre, I learned a lot not just from Cathie Martin but also from great colleagues like Rico Coen and Caroline Dean, and one piece of advice that I try to stick to is "always make sure there is a really good question" before taking on something new.
Another challenge is the continual adjusting of your expectations of
